Abstract Objective To examine the adjusted and unadjusted effects of infant feeding practices on infant mortality in Southern Africa. Methods A merged dataset from the most recent Demographic and Health Surveys for Lesotho, Swaziland, Zambia and Zimbabwe was analysed using the Cox Proportional Hazard Model. A total number of 13,218 infants born in 5 years preceding all the surveys with information on infant feeding practices constituted the study population. Infant mortality was the outcome variable and infant feeding practices categorised into; no breastfeeding, partial breastfeeding and exclusive breastfeeding were the main explanatory variables. Maternal demographic and socio-economic characteristics and infants' bio-demographic characteristics were also studied. Results Although, exclusive breastfeeding was quite low (12 %), exclusively breastfed infants exhibited a 97 % lower risk of dying during infancy compared to infants not breastfed in the region. Variations existed by country in the levels and patterns of both infant mortality and infant feeding practices. Mother's country, highest level of education and marital status; child's sex, birth weight and preceding birth interval were the significant predictors of infant mortality in Southern Africa. Conclusions Any form of breastfeeding whether exclusive or partial breastfeeding greatly reduces the risk of infant mortality with the greatest mortality reduction effect observed among exclusively breastfed infants in Southern Africa. To reduce the upsurge of infant mortality, there is the need to step up the effectiveness of child nutrition programmes that promote breastfeeding and put emphasis on exclusive breastfeeding of infants in the region.
Significance
The low level of the recommended exclusive breastfeeding in Lesotho, Swaziland, Zambia and Zimbabwe pose a major challenge to child survival and may have contributed to the observed high and or stalled infant mortality rates in the countries. Although the pattern of feeding was fingered as a significant predictor of child morbidity and mortality by the WHO, very little is known about the relationship between infant feeding practices and infant mortality in Southern Africa, especially in the context of the high HIV prevalence in the region. Compliance with the recommended infant and young children's feeding practices could prevent a large number of deaths among children under-five. As such this study examines the relationship between infant feeding practices and infant mortality in four Southern Africa countries. The study is expected to further inform the implementation of timely and relevant intervention programmes for improved child health outcomes in the region and elsewhere.
Background
It is indisputable that much still remains to be done in order to improve child survival especially in some parts of the developing world. Approximately 21,000 children under-5 years die every day worldwide, mainly from preventable causes, with an estimated 99 % of the deaths occurring in the developing regions, 71 % of which were infant deaths [27] . The attributed preventable causes of death among children within the first 5 years of life in developing countries include diarrhoea, neonatal conditions, pneumonia, malaria and measles [27] . Despite many initiatives implemented over the past decades as part of the global priority on child survival and other development programmes of the World Health Organization (WHO) and United Nations Children Emergency Fund (UNICEF) aimed at improving child health including the Expanded Program on Immunization (EPI) and Optimal Infant and Young Children Feeding (IYCF) [23] , infant mortality remains high in many countries in Southern Africa including Lesotho, Swaziland, Zambia and Zimbabwe.
In the Southern Africa region, under-five mortality rose from 125 to 146 deaths per 1000 live births between 1990 and 2006 [28] . Hence a 13.9 % average annual rate of reduction (AARR) in under-five mortality rates is required between 2007 and 2015 for the achievement of Millennium Development Goal (MDG) number four aimed at reducing infant mortality by two-thirds by the year 2015 from the 1990 level [22, 28] . In Swaziland, infant mortality rose from 78 to 107 deaths per 1000 live births between 1997 and 2007 [7, 8] . In Lesotho it increased from 72 to 91 deaths per 1000 live births between 2004 and 2009 [14] while in Zambia and Zimbabwe slight decreases in infant mortality were observed in recent periods [6, 29] .
Empirical evidence traditionally attributed increased infant mortality rates to the impact of a wide range of biological and socio-economic factors [5] . However, the emergence of the HIV/AIDS epidemic is noted to have spurred the overall mortality rates in recent decades, particularly in Southern Africa [21] . With documented evidence still showing high infant and child mortality and notably reversal patterns in child health gains in many parts of the developing world [20] , there was no doubt about the existence of many causal factors.
The WHO in collaboration with UNICEF emphasized and renewed the world's attention to the impact of feeding practices on nutritional status, growth, development, health and the overall survival of infants and young children [25] . As such, it was recommended that children be breastfed for at least 2 years, with adequate and safe complementary foods introduced at 6 months in order to ensure optimal health and development [25] . Despite reported increased breastfeeding rate in many parts of the world [1, 4] , around 35 % of children under-5 years still die of causes related to malnutrition as a result of poor infant and young child feeding practices in most low and middle income countries [26] . The rate of exclusive breastfeeding up to 6 months has been found to differ in disparate parts of the world and remains low in some places. For example, a study which investigated the maternal socio-demographic factors influencing the initiation and exclusivity of breastfeeding in Nigeria found that exclusive breastfeeding rates in the first 6 months of life ranged from 21.4 % in a semi-urban population in Ilesa [17] to 78.7 % in a rural population in Sokoto [16] .
Furthermore, evidence in selected Southern Africa countries suggests the existence of breastfeeding practices that are non-compliant with the recommendation by WHO and UNICEF for infant and young children feeding intended to ensure optimal health and development. Southern Africa, in particular, Lesotho, Swaziland, Zambia and Zimbabwe hardly fulfill the global recommendation by WHO and UNICEF for infant and young children feeding. Despite the relatively high prevalence of breastfeeding of over 90 % observed in the four countries as evidenced in the individual countries' Demographic and Health Survey (DHS) reports [6, 8, 13, 28] , there exists low prevalence of exclusive breastfeeding. Additionally, a considerable number of children received complementary foods earlier or later than recommended. Among the countries, Zimbabwe had the lowest prevalence (31 %) of exclusively breastfed children, Swaziland (32 %), Lesotho (54 %) and Zambia had the highest prevalence (61 %) [6, 8, 13, 28] .
The upsurge and plateauing of infant mortality experienced in Southern Africa may have been contributed to by the observed poor infant feeding practices that are noncompliant with the global health recommendation on infant and young children feeding practices. Thus, the objective of the study was to examine the adjusted and unadjusted effects of infant feeding practices on infant mortality in Southern Africa. Understanding how infant feeding practices influence infant mortality is vital for improving child health indicators in the region. (2010/ 2011) were utilized to examine the association of infant feeding practices, selected maternal and infants' characteristics with infant mortality in Southern Africa. A total number of 13,218 children aged 0-11 months born in the 5 years preceding the surveys to mothers aged 15-49 years and whose information on feeding practices was available constituted the study sample. Of the 13,218 infants, 677 of them died before celebrating their first birthday.
Study Variables

Outcome Variable
Infant mortality was the outcome variable of the study which referred to death between 0 and 11 months of life. The children that died were regarded as having experienced the event while those that survived were censored at 1 year. The dependent variable took into account the infants' survival status and the month at which they died within the first year of their lives.
Explanatory Variables
Main Explanatory Variable and Definitions
Infant feeding practices was the main explanatory variable and had three categories which comprised no breastfeeding, partial breastfeeding and exclusive breastfeeding.
1.
No breastfeeding-comprised infants that never received breastmilk and these were coded 0. 2. Partial breastfeeding-comprised infants that were breastfeeding while also receiving water-based drinks, food-based fluid, semi-solid or solid food or nonhuman milk (also called complementary foods). All infants that did not receive exclusive breastmilk in the first six months of life but received some breastmilk in addition to complementary foods were in this category and were coded 1. 3. Exclusive breastfeeding-comprised infants that received only breastmilk from their mother or a wet nurse, or expressed breast milk and no other liquids or solids, not even water, with the exception of oral rehydration solution, drops or syrups consisting of vitamins, mineral supplements or medicines [26] . This category took into account infants who received exclusive breastmilk in the first 6 months of life (0-5 months) as recommended by WHO and UNICEF and were coded 2.
Other Explanatory Variables
The other explanatory variables that were examined in this study consisted of maternal demographic, environmental, socio-economic characteristics and the infants' bio-demographic characteristics as shown in Table 1 (''Appendix 4'').
Analysis
The Cox Proportional Hazard Model was employed to obtain the results of the study. The Cox proportional hazard regression model is a statistical technique used to analyse survival data, especially for studies where the outcome or dependent variable is the measurement of time taken to experience a definite end-point event, usually death [2] . The model is similar to the multiple regression model as it allows for the investigation of the survival time of particular groups while simultaneously adjusting for other covariates [2, 24] .
The Cox Proportional Hazard Model was conducted at three levels in the study. All the children that did not die (or experience the event) within the infancy period were right censored at 12 months. The first level was the descriptive analyses of infant mortality, infant feeding practices, maternal demographic, environmental and socio-economic variables and the infant's bio-demographic variables. The descriptive analyses were done using frequency distribution, cross-tabulations, graphs and Kaplan-Meier curves. The Kaplan-Meier's curves were done to show the pattern of infant mortality and infant feeding practices in Southern Africa. To estimate the levels of infant mortality, the study employed the direct demographic technique for measuring infant mortality.
Formula;
Infant mortality rate IMR ð Þ ¼ Number of deaths at \1 year during a specified period Number of live births in the same period Â 1000
Source: [18] . The second level of analysis was the Cox's hazard modelling of the independent effect of infant feeding practices and other covariates (maternal demographic, environmental and socio-economic variables and the infant's bio-demographic variables) on the probability of infant death before age one. Lastly, the multivariate Cox's hazard modelling of infant feeding practices variable together with all the other variables was done to assess the net effect of infant feeding practices on the probability of death before age 1.
Limitation of the Study
This study was limited by the inclusion of 97 infants (14 % of all deaths) who died at the age of 1 month from possibly endogenous or congenital factors and not necessarily the direct impact of infant feeding practices. Factors including low birth weight, prematurity and congenital malformations also have the potential to reduce the likelihood of breastfeeding among infants and further increasing the risk of death [3] . This might have slightly exaggerated the effect of breastfeeding on infant mortality.
Ethical Issues
The study was an analysis of Demographic Health Surveys datasets, which are anonymised publicly available data. For the primary surveys, informed consent was obtained from all the respondents at the beginning of individual interviews. Therefore, the participants' rights were not infringed when the information was collected. Additionally, data collection methods for the respective surveys were reviewed and approved by the National Health Research Ethics Committee of the countries.
Results
Infant Mortality Levels and Patterns
There was variation in the levels of infant mortality between the countries in the Southern African region. Infant mortality rate (IMR) was highest in Lesotho at 68 deaths per 1000 live births, followed by Swaziland (50 deaths per 1000 live births), Zambia (46 deaths per 1000 live births) while Zimbabwe had the lowest IMR of 45 deaths per 1000 live births.
The risk of dying at infancy in the Southern African region is shown by the Kaplan-Meier's curve in Fig. 1 (''Appendix 1'') to be over 50 % between ages 0 and 4 months and thereafter decreases with increase in the age of the infant. The pattern of the risk of infant mortality was similar in Lesotho, Zambia and Zimbabwe with the exception of Swaziland where, the risk of death in the first month of life was lower (''Appendix 2'').
Infant Feeding Practices Levels and Patterns
The levels of infant feeding practices in the entire region showed that 82 % of infants were partially breastfed, 12 % exclusively breastfed while 6 % were never breastfed. Thus, partial breastfeeding was the predominant form of infant feeding in the Southern African region compared to exclusive and no breastfeeding.
The variations in the levels of infant feeding practices within each country are shown in Fig. 2 (''Appendix 1'' ). The percentage of infants who were never breastfed was highest in Lesotho (11 %) and lowest in Zambia (3 %). Partial breastfeeding was highest (85 %) in Swaziland and lowest in Lesotho (75 %). The percentage of exclusively breastfed infants was highest in both Lesotho and Zambia (14 %) and lowest in Swaziland (7 %).
Marked differences were also observed in the risk of dying during infancy by infant feeding practices in the Southern African region as shown in Fig. 3 (''Appendix 1''). For all feeding practices, the risk of infant mortality was shown to be higher between ages 0 and 1 month and it decreased with an increase in the age of the infant. Whilst the infant mortality risk was high among the never breastfed infants, it was moderate for partially breastfed infants and low among infants who were exclusively breastfed. A fairly similar pattern was also observed in the four countries (''Appendix 3'').
Levels of Infant Mortality (IMR) in Each Country by Infant Feeding Practices
There were substantial similarities and differences between the countries and the region in infant mortality rate by the selected characteristics as shown in Tables 2 and 3 (''Appendix 4''). About 500 deaths per 1000 live births were observed among never breastfed infants whilst less than 30 deaths per 1000 live births were observed among partially and exclusively breastfed infants. The level of infant mortality was higher among never breastfed infants and lower among exclusively breastfed infants for the four countries and for the entire region.
Multivariate Analysis: Cox Proportional Hazard Regression Model
The adjusted effect of infant feeding practices and other covariates on infant mortality was examined, using the Cox proportional hazard regression model. Table 4 shows the results from the model. Exclusively breastfed infants exhibited a lower risk of mortality than infants with the other feeding practices in the Southern African region. Infants who were exclusively breastfed demonstrated a 97 % lower risk of dying compared to infants who were never breastfed which was similar to the unadjusted model. Similarly, partially breastfed infants exhibited a 96 % lower risk of dying than infants who never experienced any form of breastfeeding as also found in the Cox hazard unadjusted model. By country, the multivariate results indicated that Zambian infants had 1.34 times the risk of mortality compared to infants from Lesotho whilst insignificant relationships were observed for the other three countries. Contrary to the unadjusted model's results, results from the adjusted model suggested that the highest risk of dying during infancy was in Zambia compared to the other countries in Southern Africa. In Zambia, infants born to mothers with secondary or higher level of education had a 33 % lower risk of dying compared to infants born to mothers with no education. On the other hand, infants born to currently married and formerly married mothers, had a 1.46 and 1.68 times risk of dying, respectively, compared to infants who were born to never married mothers.
The sex of child maintained its significant association with infant mortality after controlling for the effect of other factors. Female infants had a 23 % lower risk of dying before age 1 compared to male infants. Further, the multivariate analyses demonstrated a 1 % reduced risk of dying with each 1 month increase in the preceding birth interval of infants in Southern Africa. Lastly, infants with small birth weight had 1.75 times risk of mortality compared to infants with large birth weight.
Discussion & Conclusion
This study examined the association between infant feeding practices and infant mortality in the Southern African region, using data from Lesotho, Swaziland, Zambia and Zimbabwe. The study findings showed that infant feeding practices were the most important explanatory variable of infant mortality in Southern Africa in the study. The study found a significant, and lowest mortality reduction effect among exclusively breastfed infants, (HR 0.03, CI 0.02-0.04, p \ 0.05), as opposed to partial and no breastfeeding. Therefore, the study findings were in conformity with several research findings which found that breastfeeding, especially exclusive breastfeeding offers great protection against infectious diseases to children in the first year of life [9-12, 14, 15] , thus significantly reducing both the risk of infant morbidity and mortality.
The findings of the study were also comparable and supported by a large body of literature on the relationship between infant feeding practices and infant mortality worldwide [3, 19] . For instance, in a study done in Botswana [19] , exclusive breastfeeding was associated with a reduced risk of late vertical transmission of HIV among infants when compared to infants who were receiving a combination of breast milk and other complementary foods or liquids. Similarly, in Latin America, a study which estimated the effect of both exclusive and partial breastfeeding on infant mortality from diarrhoeal disease and acute respiratory infections, established that exclusive breastfeeding from 0 to 3 months and partial breastfeeding throughout the remaining months of infancy would have prevented an estimated 52,000 annual deaths in the Latin American region [3] .
The findings of the study also have some policy implication. It is suggested that interventions that aim at reducing infant mortality should focus on promoting breastfeeding, in particular, exclusive breastfeeding for the first 6 months of life as recommended by both WHO and UNICEF. As such, it can be concluded from the findings of the study that infant feeding practices play a significant role on infant mortality in the Southern African region. Other factors found to have a significant association with infant mortality in the region also include maternal country, maternal educational level, maternal marital status, sex of child, preceding birth interval and birth weight. The study findings suggested that any form of breastfeeding whether exclusive or partial greatly reduces the risk of infant mortality. Thus, in order to reduce the upsurge of infant mortality, there is the need to step up the effectiveness of child nutrition programmes that promote breastfeeding and put emphasis on exclusive breastfeeding of infants in the region. (7) \20 (1) 20-29 (2) 30-39 (3) 40-49 (4) Type of place of residence Urban (1) Urban (1) Rural (2) Rural (2) Country Lesotho (LS5) Lesotho (1) Swaziland (SZ5) Swaziland (2) Zambia (ZM5) Zambia (3) Zimbabwe (ZW6) Zimbabwe (4) Highest educational level
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